ABSTRACT
Introduction
The knowledge of thermodynamic properties of binary liquid alloys is necessary for the design and development of reliable materials for high temperature application. Moreover, the properties of alloys in the melt are helpful to understand the alloying behaviour of alloys in solid state. Thus the determination of thermodynamic functions for alloys in liquid state has been the subjects of active research for many years.
Growing technological interest to the nonperiodicity in the atomic arrangement of disordered materials has led to an increasing need for a better description of their atomic scale structures. In this paper, we intend to study the thermodynamic properties of CuPd alloys in liquid state at 1350 K on the basis of regular associated solution model. Regular associated solution model has been proved to study the thermodynamic and structural properties of weakly, moderately and highly interacting liquid alloys [1] [2] [3] [4] [5] [6] by assuming the formation of complex. Such assumptions have been used in different models [7] [8] [9] [10] [11] [12] .
The phase diagram, which is the fundamental source to understand the formation of complex, manifests the presence of Cu 3 Pd, Cu 4 Pd and CuPd intermediate phases in solid state [13] . It is well known fact that the size factor and electronegativity difference of the constituent metals play an important role on the alloying behaviour of the binary alloys. The size factor, which has been considered to explain the anomalous behaviour of liquid alloy [14] , is small (= 1.25) and does not seem responsible for asymmetry in such alloys. The electronegativity difference of the constituent metals is also important for making alloys. Researchers [15] have argued that when metals of very different electronegativity are alloyed, a change from metallic behaviour to, at least, partly ionic behaviour is expected. But the electronegativity difference of Pd and Cu (= 0.25) is not large enough to account the alloying behaviour of CuPd alloy. Thus, I have assumed strong interaction between Cu and Pd atoms is responsible for the the alloying behaviour of CuPd alloy in liquid state. The Cu and Pd atoms are considered to be energetically favoured to form chemical complexes Cu 3 Pd. The basic formalism of regular associated solution model with the assumption of strong interaction is presented in Section 2.
Regular Associated Solution Model
Suppose type A and type B metals are mixed in the melt to form alloy AB. According to regular associated solution model, the melt consists of three species namely unassociated A-atoms, unassociated B-atoms and complex AB. and ApB are concentration of unassociated A-atoms, B-atoms and complex respectively where p is small integer. When there is association, the thermodynamic behaviour of complexes A and B components is governed by their true mole fractions A n n n   , n n , n x , B x and ApB x rather than their gross mole fraction 1 x and 2 x , where
Using above relations we can show 
and the integral excess free energy 
Using equations (4), (12) and (13), we can derive 13 1
Now heat of mixing and entropy of mixing can be related to the free energy of mixing with the standard thermodynamic relations as follows
Results and Discussion
We have calculated the concentration of complex, equilibrium constant and pairwise interaction energies following the method employed by Lele and Ramchancrarao [2] and D. Adhikari et al. [3, 5, 6] The calculated and observed value of integral excess free energy of mixing is in excellent agreement ( Figure  1) . The calculated integral excess free energy of mixing is minimum (-6.57 kJ·mol -1 ) at x Cu = 0.7 which almost matches with the observed value [13] . The observed asymmetry in integral excess free energy of mixing is well explained by our theoretical model.
We have observed that if the interaction energies are supposed to be independent of temperature, i.e., etc., then and so obtained are in very poor agreement with experimental data. This simply suggests importance of the dependence of interaction energies on temperature. On using equation (4) and observed values of [13] we have chosen the following values for the given parameters as the best fit values for the heat of formation of Cu 3 Pd complex 

The dependence of energy parameters on temperature can be observed from the study of ∆H and ∆S. It is found that the pairwise interaction energies to be considerably dependent on temperature. It is found from the analysis that the heat of mixing is negative at all concentration. Our theoretical calculation shows that the minimum value of the heat of mixing is -11.4 kJ·mol -1 at Mg x = 0.6 [13] . The observed minimum value is also at Mg x = 0.6. The calculated values are in reasonable agreement with the observed values (Figure 2) (Figure 3) . The discrepancy in entropy of mixing 

at Cu x = 0.2 could be due to errors in enthalpy data or neglect of vibrational and electronic contributions on entropy.
Conclusions
The anomaly in the integral excess free energy of mixing, heat of mixing and entropy of mixing of CuPd liquid alloys at 1350 K is well explained by the present theoretical model. Present theoretical analysis shows that there exist complexes Cu 3 Pd in CuPd alloy in molten state and the pairwise interaction energies are temperature dependent.
